Thirteen adult patients were operated on for symptomatic arachnoid cysts in the left temporal fossa; seven with an internal shunt procedure during local anaesthesia, and five with a craniotomy with fenestration of the cyst to the basal cisterns. In one patient, an initial internal shunt was transformed to a cystoperitoneal shunt. After surgery, all patients experienced relief of symptoms. Reduction of cyst volume occurred in 11 patients. The patients were tested for brain asymmetries related to language and verbal memory before and after operation, with a dichotic listening technique with simultaneous presentation of different auditory stimuli to the two ears. In the preoperative memory test, the patients showed impaired total recall compared with healthy control subjects, and recall from the right ear was significantly impaired. The patients also performed poorly in a forced attention task consisting of dichotic presentations of consonant-vowel syllables. In addition to clinical improvement, the surgical procedures led to improvements in both dichotic perception and memory. Overall memory performance was enhanced, mainly because of improved recall from the right ear. This normalisation of memory function was found as early as four hours after the operation. The results indicate that arachnoid cysts in the left temporal fossa may impair cognitive function, that neuropsychological tests are necessary to disclose these impairments, and that cognitive improvement occurs after surgery. (3 Neurol Neurosurg Psychiatry 1995;59:293-298) 
Lesions occupying intracranial space, such as haematomas, tumours, or cysts may impair brain function. The underlying mechanisms for this disturbance in the case of rapidly expanding haematomas are well understood, and may be related to changes in general or local tissue perfusion. The reduced cerebral perfusion may be due to raised intracranial pressure, complicated by the presence of oedema, itself a mass lesion, changes in cerebrovascular reactivity, or the diffusion of possible toxic products. The mechanisms underlying neurological deficit in such indolent lesions as arachnoid cysts are far from clear. The intracranial pressure is seldom raised enough for reduced tissue perfusion to be the mechanism underlying loss of function. Because clinical improvement may occur after decompression, it would seem likely that the neurological deficit is related to processes which, although impairing neuronal function, do not necessarily result in cell death.
Arachnoid cysts are thought to be due to a maldevelopment of the cerebral meninges."2 This may be present at birth or develop soon after. 34 After an initial growth in early life, most cysts are thought to remain stable over many years,5 having reached a permanent size which may well be substantial. Very few cysts have been reported to disappear spontaneously.6-'0 Moreover, some seem to continue to grow in adult life; although slowly."
The symptoms associated with arachnoid cysts vary according to the site of the lesion and the neural structures surrounding them. In adults, subjective complaints such as headache and dizziness are common. Major neurological symptoms such as motor or sensory deficits, epilepsy, or language problems may also occur, although they are often slight and tend to develop late in life. The lack of dramatic symptoms, even in patients with large arachnoid cysts, probably reflects the brain's ability to compensate for the presence of a slowly growing or stable expansion.
If arachnoid cysts cause disabling symptoms such as a paresis, dysphasia, epilepsy, or severe headache, or they are complicated by a subdural haematoma, there is a clear indication for surgery. On the other hand, if the symptoms are less dramatic, some authors favour conservative treatment.'2-'7 The relative paucity of symptoms despite massive displacement of brain tissue is taken to indicate satisfactory cerebral compensation.'8 Moreover, some earlier series reported a significant mortality and morbidity after surgery for these "uncomplicated" cases, and this has also prompted caution.'3 [19] [20] [21] [22] In common with any other intracranial expansive lesion, arachnoid cysts have the potential to impaire cognitive function. Such impairments may well contribute to the patient's incapacity, but are not easily shown by a clinical neurological examination. To date, subtle cognitive impairments associated with intracranial expansions have received much less attention than the more dramatic and easily recognisable overt neurological symptoms and findings. Indeed, there are few reports dealing with cognitive functions in patients with arachnoid cysts. Lang et al3 found a reduced ability to learn and memorise hemisphere specific material in patients with middle fossa cysts, whereas other reports have failed to show cognitive impairments in such patients. '5 24 If cognitive deficits could be shown in patients with otherwise "silent" cysts, and if cyst surgery improves these functions, the indications for surgery may be expanded considerably, and the decision to operate would be taken on a broader basis.
Nearly half of the arachnoid cysts occur in the middle cranial fossa,' with a pronounced preference for the left side. 25 Preoperatively, each patient was tested at least once. Only the score from the first preoperative test was used as the preoperative score in the statistical analyses. For seven of the patients operated on under local anaesthesia, the immediate postoperative condition was so good that it allowed systematic collection of data two or three times during the first postoperative week. The first of these postoperative tests took place four hours after the operation, except in patient 1 who was tested after 24 hours. The immediate postoperative condition did not allow a similar systematic testing during the first postoperative week in the patients operated on with a full craniotomy under general anaesthesia. All the patients were tested when returning to the hospital for the routine follow up three to six months postoperatively.
In the dichotic memory test, the 32 control subjects showed equal recalls from the right and left ears.
The overall memory performance (mean of the recalls from the right ear and the left ear) were also calculated for analyses between the experimental group and the two control groups, and between the results before and after operation in the experimental group.
The patients were also examined with a dichotic test emphasising verbal perception, described in detail elsewhere. 26 In this dichotic listening test, the stimuli consisted of the six stop consonants b, d, g, p, t, k, all paired with the vowel a to form six consonant-vowel (CV) syllables (ba, da, ga, etc). The syllables were paired with each other for all possible combinations, thus yielding 36 dichotic pairs. The dichotic tape consisted of three lists of 36 dichotic randomly ordered CV pairs each. Each syllable had a duration of 320 ms, and synchronisation of onset between channels was performed for both the consonant and vowel segment onsets. The interstimulus interval was 4 ± 1 s.
In the dichotic listening test, the patients were tested in three different conditions. In the non-forced (NF) condition they were simply instructed to report freely all the syllables they heard. In the forced right (FR) or forced left (FL) conditions, they were instructed to attend to and report only what they heard in the right or left ear."2
The stimuli for the dichotic listening and memory tests were played to the patient from a minicassette player through plug in type earphones. The intensity of the output from the earphones were on average 75 dBA (repeated measurements) when tested with a sound level meter.
To facilitate comparisons with other studies, the raw scores were transformed to percentage scores. To evaluate any change in ear advantage for both the dichotic listening and the dichotic memory tests, a laterality index was calculated according to the formula:
where RE and LE reflect the recalls from the right and the left ears respectively. This yields a positive score for right ear advantage (REA), a negative score for a left ear advantage (LEA), and zero for no ear advantage (NEA).
The laterality index compensates for individual differences in overall performance. All the patients experienced a postoperative clinical improvement, and CT at the three to six months follow up showed reduction of the cyst volumes in all the patients except two (3 and 6). Table 1 shows the performance in the dichotic memory test. Ten of the 13 patients showed better recall from the left ear (LE) than from the right ear (RE) in the preoperative dichotic memory test, with a significant left ear advantage (LEA) for the group as a whole (RE 3.5 v LE 4-6, t(12) = 2.84, P < 0-01). These preoperative scores differed significantly from the scores obtained in the normal control group (n = 32; RE 5.9 v LE 5-9), both with respect to overall memory performance (4 1 v 5-9 for the patient and control groups respectively, t(43) = 3-65, p < 0-01), and the presence of an LEA in the patient group (t(43) = 2 01, P < 0-01).
Results

MEMORY
The preoperative memory ear advantage scores in the 13 patients with left sided cysts (table 1) were also significantly different from those of the seven control patients with cysts in the right middle fossa, who as a group exhibited an REA (RE 3.9 v LE 3-5; t(18) = 2-69, P < 0-05).
At follow up, the preoperative LEA of the experimental group disappeared for all comparisons, with an improvement of the right ear performance in all the patients (table 1). The Table 2 Dichotic memory data (raw scores) from seven local anaesthesia patients where the immediate postoperative condition was so good that it allowed early (four hours and three to seven days) postoperative testing difference between the laterality index before and after operation was significant (-11 1 v 2-8, t(12) = 3.28, P < 005).
The patients also improved their overall memory performance postoperatively. At the time of follow up, 12 patients had improved their overall performance, whereas it remained unchanged in the last patient. The group average increased from a preoperative score of 4-1 to 5A4 at follow up (table 1).The increase in overall performance was significant (t(12) = 5 54, P < 0 001).
The seven patients operated on under local anaesthesia showed rapid improvement during the first postoperative week (table 2) . There was a significant improvement of the overall memory score from the preoperative test to the postoperative tests (F(3,18) = 4 70, P < 0 05). Further tests (NewmanKeuls) showed that the significant improvement occurred three to seven days after the operation, and at the follow up control (all P < 0 05).
There was also a rapid postoperative change in the ear advantage in these patients (table 2). The ear advantage in the memory test changed significantly from a preoperative LEA to an REA during the first two postoperative tests (at four hours and seven days) and a no ear advantage (NEA) at follow up were also significant (F(3,18) = 4-83, P < 0 05).
The Newman-Keuls test showed that the changes were significant for all three comparisons (all P < 0 05). These comparisons were performed on laterality index scores as described. In the 10 patients who were tested preoperatively more than once to control for possible learning effects of repeated testing, there was no significant difference between the results from the first and last tests. This was true both for overall memory performance and ear advantage, and also when patients with cysts on the left and the right side were analysed separately.
The dichotic memory test seemed sensitive not only in disclosing preoperative impairments and postoperative improvements, but also treatment failures. In one patient (3), the shunt operation caused an immediate and pronounced improvement in the dichotic memory test performance. During the first postoperative week, it became clear that this improvement was only temporary, as the initial postoperative REA disappeared at the sixth day (table 3) . At this time there was no other indication of the shunt failure that weeks later necessitated a shunt revision.
PERCEPTION
The patients were also tested with the dichotic listening test, emphasising laterality for perception of dichotically presented CV syllables. Table 4 summarises the results. Preoperatively, the group displayed a weak and statistically non-significant LEA during the NF test. In normal controls, a significant REA is seen. 26 The ear advantages varied considerably between the patients. The results in the NF test differed, however, significantly from those of the normal control group (n = 52) for the laterality index scores as well as total number of correctly perceived syllables. t Tests showed both the comparisons to be significant (t(63) = 8-79, P < 0 001 and t(63) = 6-39, P < 0 001 respectively).
The preoperative performance during the FR and FL tests were below normal on both sides.32 As a group, the patients were able to direct their attention to and increase their responses from the right and the left ear. Their scores were significantly below those of the normal control group, however, with respect to both the laterality indices and the absolute number of correctly perceived syllables (t(63) = 4-27 and 3-16 for the FR and FL conditions respectively; P < 0.01).
The cyst operations did not change the non-forced dichotic listening pattern in any significant way, and the distinct REA seen in normal subjects was not seen in the postoperative controls either. In the forced attention tests, the operation caused significant changes. In the FR test at follow up, the patients displayed the expected superiority (advantage) from the right ear (to which attention was directed). The scores from that ear were significantly higher than the scores obtained in the preoperative FR and the postoperative NF tests, and the scores were no longer different from those of the normal control group in the similar (FR) situation. The same general response pattern (with an LEA) was seen in the FL condition. Comparing the postoperative laterality indices with the preoperative indices for each of the two forced listening conditions (FR, FL), showed significant changes (t(12) = 2-15, P < 0-05, and 1-83, P < 0-05, respectively). < 47  2  57>40  33<67  67>23  70>30  27<60  10<90  3  43>50  47<50  40<47  60>37  60>40  50>43  4  27 < 73  47 -47  47 > 27  67 > 7  13 < 47  27 < 60  5  53>40  50>47  37<53  57>33  40<57  23<70  6  63>33  47>40  67> 13  60>23  60>40  30<57  7  43-43  40<53  73> 17  80> 7  17<73  7<60  8  23 < 40  47 > 37  27 < 47  43 -43  27 < 43  43 < 47  9  23<30  17-17  30-30  27>23  13<33  13<37  10  30<40  43>37  50>20  60>20  23<43  27<57  11  30>23  30-30  47> 17  47>27  23<33  33<37  12  20<37  57>23  20<37  63>20  27<33  30<57  13 50 In the non-forced condition, the patients were instructed to report freely the syllables heard in either ear. In the forced right or forced left conditions, they were instructed to pay attention to, and report only the syllables presented to the right or the left ear. Note the improvement in the forced conditions.
Discussion
In the present study, dichotic listening techniques emphasising memory and perception showed lateralised cognitive deficits in patients with arachnoid cysts of the left middle fossa. The impairments affected memory and the ability to direct attention in an auditory, perceptual task, and disappeared after decompressive cyst surgery. Normalisation of the memory functions occurred within hours or days.
DICHOTIC LISTENING AND MEMORY
These non-invasive techniques have previously proved sensitive in reflecting discrete changes in language functions produced by electrical stimulation of the brain,2728 in patients with localised brain damage,'0'3'8 and in recovery of language functions after a stroke. 29 The clinical and behavioural implications of the cognitive impairments reported here remain uncertain, but they may mirror deficits that are of importance to the patient. In this context it is interesting to note that none of our patients had experienced any gross problems with speech or memory; neither were such deficits disclosed by neurological examination before surgery.
The present results thus indicate that lateralised neuropsychological tests may have the potential to disclose subtle, subclinical cognitive impairments in patients with lesions in the region of the left sylvian fissure. Some earlier studies have failed to show cognitive impairment in patients with arachnoid cysts,'524 whereas Lang et al23 found learning and memory deficits for hemisphere specific materials in their patients. One reason for the contradictory results may be that the neuropsychological tests used in these studies differed, and that some of them possibly lacked the appropriate specificity for the hemisphere or brain region affected by the cyst. Our tests were chosen specifically to show dysfunction of temporal areas in the left and the right hemispheres. Cognitive functions other than memory and perception may also be impaired in these patients. For lesions with other locations in the left or the right hemisphere, different tests must be selected.
Normal adults have the ability to direct their auditory attention to any of the two sides in the dichotic listening test.'2 Our patients lacked this ability preoperatively and regained it after surgery, indicating that cerebral structures close to the left sylvian fissure are instrumental in an auditory attention mechanism, and not only important for perception from the contralateral right ear. These findings may well be explained within Kimura's model for dichotic listening. 35 In her model, auditory information from the left ear reaches the left temporal lobe mainly via the right temporal lobe and the corpus callosum, thus being weakened and delayed compared with the more direct input from the right ear. The lesions in our patients may have disturbed the normal ability to enhance the weakened and delayed information from the ipsilateral left ear, and in some cases also the perception from the contralateral right ear.
ARACHNOID CYSTS AND COGNITIVE IMPAIRMENT
Arachnoid cysts are space occupying intracranial lesions, and the symptoms they cause are often surprisingly moderate considering their substantial volumes. One reasonable explanation of the stable appearance and relative paucity of symptoms may be that the intracystic and intracranial pressures are only moderately raised, a common finding during operation. The pressure exerted on neighbouring cerebral structures is therefore probably also moderate, although the physical displacement of the same structures may be massive. Whether the neurological and neuropsychological deficits caused by arachnoid cysts are precipitated by an increased tissue pressure or the displacement of brain tissue, or a combination of these or other factors, remain unsolved.
There is every reason to assume that arachnoid cysts in adults have affected the surrounding cerebral structures for many years. It would therefore be a reasonable assumption that the associated brain damage and concomitant symptoms might be permanent, and refractory to any form of surgical correction. The rapid restoration of cognitive functions in our 
